mansoni cercaria from Physopsis africana in apparently preserved material sent from South Africa. The cercaria is so small, and its tissues are so delicate, that ordinary methods of preservation and staining are useless in its examination, as they destroy many important details. With the exception of those characters mentioned by Leiper, there is no general agreement with regard to the structure of the cercarie. Even such competent observers as Cort do not hesitate to revise their observations from time to time.
The anatomy of the cercaria is important in the elucidation of the biological properties and functions of that stage in the development of Schistosoma. Specific characteristics are certain to be found peculiar to each species. The material upon which such characteristics are to be based must be specifically diagnosed beforehand by animal experiments.
Material Studied.-The material upon the study of which this paper is based was a large number of infected Planorbis boissyi, sent from Egypt by Professor Leiper. They were collected from the same site where Schistosoma mansoni cercarie were first discovered. These snails were brought to London alive. They were put in a cardboard box with layers of filter paper between. This was moistened with water every day during the voyage.
On a previous occasion both Planorbis boissyi and Bulinus contortus were sent from Egypt by post in a wooden box containing moist cotton-wool between the snails. The snails were kept separated from each other by the cotton. The snails arrived after nine days' transit, and were found to be alive and active when put in water. I am indebted to Dr. M. Erfan, of Kasr-el-Aini Hospital, Cairo, for collecting the snails and forwarding them successfully.
Technique.-For the purpose of collecting cercarie, each snail was placed in a glass tube, 1 in. by 3 in., half full of tap water, and left overnight. Each tube was then examined with the naked eye or hand lens for cercarime. These are detected by their wriggling movements. More cercarie are discharged by the snails when the tubes are kept in an incubator at 220 C. The infected water is poured into a shallow glass capsule that can be examined conveniently under a 2 in. power of the microscope. Cercariaw are picked with a glass pipette and placed on a slide. A cover-slip is gently placed and the edge fixed with 27 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from 28Khalil: Schistosomum mansoni melting wax to facilitate manipulation. After ten to fifteen minutes the activity of the cercaria3 is inhibited sufficiently to allow the use of one-twelfth oil immersion lens for examination. This is probably due to absence of oxygen. Intra vitam stains have been tried, using neutral red, methyl green, methylene blue and brilliant green. Methyl green is particularly useful for indicating the termination of the ducts of the peri-acetabular glands. All the details can be easily made out in unstained specimens. Stained paraffin sections of infected Planorbis boissyi liver were also available for study. These helped to cotnfirm the observations made on the living cercariae.
General Appearance of the Cercaria. -The cercaria has a body and a tail. The body contains the organs of the adult in addition to some larval structures, necessitated by the particular mode of life to which it is adapted during that stage. The tail is a purely larval structure, being shed off during the process of penetrating the skin of the final host. The body is cylindrical in shape being a little broader posteriorly in the region of the ventral sucker than anteriorly. The length and breadth vary enormously during life, according to the state of contraction or extension of the cercaria. The normal attitude is to be regarded as that assumed by the cercaria when killed by gentle heat. Within narrow limits this attitude is constant as to size and shape. The tail is longer than the body. Besides being contractile it can be moved freely in all directions. The end of the tail is bifid. The furci are less than orie-third the length of the tail. They are motile and can be approximated or separated widely. The body and tail, including the furci, are covered with stout spines directed posteriorly. The only region of the surface free from spines is the space between the openings of the ducts of the peri-acetabular glands.
Measurements.-There is great discrepancy in the records of the measurements of cercarite given by various observers. This is apparently due to different methods of killing the cercarice. Alcohol and formalin cause great shrinking. Schaudinn's solution produces relaxation. Heat kills the cercarise in an apparently more natural condition. Some observers, Manson-Bahr and Fairley especially, measured cercariae from dissected snails. A high percentage of the cercarice procured by this method are not fully mature,though alive and active. Other observers omit to mention the conditions under which measurements are taken. The measurements cited here are the average of those of thirty cercariae voided naturally by different snails and killed by gentle heat:- is applied to the cercarice. The particular sites of rupture are the oral sucker and at the attachment of,the tail. There is a distinct constriction surrounding the anterior part of the body. From its situation it appears to mark the site of attachment of the muscle of the oral sucker to the cuticle.
The Oral Sucker.-The oral sucker is a very large structure in comparison with the size of the body. It occupies practically the anteriorthird of the body.. The circular muscle of that sucker forms its posterior border, and in Section of Tropical Diseases and Parasitology 29 optical section is cone shaped, the apex directed posteriorly. There are in addition some longitudinal strands of muscle fibres capable of withdrawing or protruding the lips of the mouth opening. The central part of the sucker is occupied by the oral glands, to be described later. In the middle line runs the cesophagus. On either side is placed the mass composed of the five ducts of the peri-acetabular glands. These glands pierce the conical-shaped muscle of the sucker on either side of the middle line, producing a little indentation in its outline. The ducts are much constricted in this situation, this being due to the action of the muscle. The mouth opening is small oval in shape, being longer along the longitudinal axis of the body than transversely. It is placed more on the anterior surface of the body, the cesophagus opening at its lower pole. On either lip of the mouth are placed the spinous ends of the periacetabular gland ducts. These spines were thought by Manson-Bahr and Fairley to compose the armature of the head, and to have no connexion with the gland ducts. They also considered the muscle of the oral sucker with its conical shape to represent pharyngeal pouches, a character which is possessed by quite different groups of trematodes.
The Ventral Sucker.-The ventral sucker is much smaller than the oral sucker. It is placed nearer the posterior end of the body. Its cuticle is covered with spines pointing towards its periphery. Its characteristic feature is its ability for free protrusion above the surface of the body, forming a nipple-like structure. This sucker is much stronger than the oral, and can fix the cercaria securely when the water is disturbed.
The Digestive System.-The cesophagus is a simple tubular structure. There is no muscular pharynx. The mouth opening is a little dilated. It opens on the anterior surface a little below the cephalic extremity. When the oral sucker contracts the mouth becomes nearly terminal. At the posterior end of the cesophagus there is a dilated intestinal caecum, with an indication of commencing bifurcation. Occasionally granules of d6bris can be seen in the lumen of the cscum. The cesophagus is practically half the length of the body.
The Excretory System.-The excretory system consists of flame cells, each of which is joined by an "excretory tubule." Two excretory tubules join, forming a "collecting tubuile." The latter join to form the " main excretory duct," which opens into an "excretory vesicle." In addition there is an excretory canal" in the tail.
The flame cells are small conical structures, visible during life on account of their constantly vibrating cilia producing a current of fluid. Their number is constant in any particular species. There is probably the same number of flame cells in the cercarise of the different species of the same genus. The number of flame cells in the Schistosomum mansoni cercaria has not been agreed upon by any two observers, so far. Iturbe records four pairs of flame cells in the body and one pair in the tail. Faust in his description of Schistosoma mansoni cercariie does not record the number of flame cells. Manson-Bahr and Fairley observed five pairs of flame cells in the body and one pair in the tail, both in the cercariae of Schistosomum mansoni and Schistosomum hammatobiunm. The number of flame cells in the cercarime of Schistosomnum mansoni is constantly three pairs in the body and one pair in the tail. I never found any variations in all the specimens examined. The cell wall of the flame cell has a double outline. It has a higher refractive power to light than the surrounding structures. The position of the flame cells in the body varies slightly, but the general arrangement is constant. They are placed near the cuticle, to the outer side of the internal organs. The most anterior flame cell is placed midway between the oral and ventral suckers. The middle cell is at the level of or a little anterior to the ventral sucker. The posterior cell is more variable in position, but is confined to the posterior quarter of the body. The tail cells are placed very near the body, and their opening is commonly directed posteriorly. One cell is often, though not constantly, a little lower than the other.
An excretory tubule begins from the apex of each flame cell. * The tubule is very fine and more or less coiled, according to the state of contraction or relaxation of the cercaria. They are made visible by their refractability, especially when the cercaria is dying, and they get a little distended with secretion. The ducts from the two anterior cells join to form a "collecting tubule"; the duct of the posterior flame cell joins that of the tail cell of the same side to form another "collecting tubule." The collecting tubules are a little wider than the excretory tubules. The two collecting tubules join to form the " main excretory duct " of the corresponding side. This wide tube curves upwards before proceeding posteriorly to join the duct of the opposite side to form the " excretory vesicle." At the beginning and at the end of the " main excretory duct" there are cilia in constant action producing a noticeable current in the lumen. Their situation is marked by (x) in the accompanying diagram (fig. 1 ). The appearance of this current probably led Iturbe and Manson-Bahr and Fairley to the wrong conclusion of mistaking this phenomenon for additional flame cells. Careful observation, however, fails to reveal the presence of any flame cells in these positions.
The " excretory vesicle " is placed at the posterior end of the body in the middle line. Posteriorly it joins the excretory canal of the tail. The excretory canal of the tail is a straight canal passing along the centre of the tail to above the furci of the forked tail, where it divides into two ducts, one in each furcus.
Each ends in a clear rounded dilatation with an "excretory pore." Near the beginning of the excretory canal of the tail there is an appearance of a little island in the canal, first described by Cort. It was not verified in all the specimens examined.
The Glandular Structures in the Cercaria.-Glands are present around the ventral sucker and in the oral sucker. Those around the ventral sucker have been named differently by various observers. There is no agreement as to the adoption of any one term. Amongst the names proposed are the following: " Cephalic glands," referring to the openings of the ducts at the cephalic end; "salivary glands," "mucin glands," or "poison glands," referring to supposed physiological secretion, according to the interpretation of different observers; "stylet gland" refers to the armature of the duct openings. I think the name " peri-acetabular glands " proposed by Milton is both simple and expressive of the true anatomical position. The glands in the oral sucker were named " head glands," but as this term is easily confused with "cephalic glands," used occasionally for the "peri-acetabular gland," it is proposed to name them "oral glands."
The Peri-acetabular Glands.-These glands overlap each other. Their outline is difficult to make out in many specimens, though occasionally in some cercaria it is quite clear. Probably this is due to the accumulation of secretion in the glands. The same is true of the presence and definition of nuclei. The number of these glands is taken by Faust as a basis of differentiation of the different species of schistosomes. He maintains that. their number is constantly three pairs in Schistosomum hematobium cercaria, five pairs in Schistosomum japonicum cercaria, six pairs in Schistosomum mansoni cercaria.
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In both Schistosomum spindalis and Schistosomum indicum cercarise the number of glands is always five pairs. There is no reliable account of the anatomy of Schistosomum hamatobiurn cercaria available. Manson-Bahr and Fairley agree with Faust as to the number of glands in Schistosomum hmmatobium and Schistosomum mcansoni cercarite, but judging from their statements as to other structures of the cercaria their observations are unreliable. Iturbe records the presence of three pairs of peri-acetabular glands in Schistosomum mansoni cercaria. This research has revealed the presence of five pairs of glands only, and the evidence of this finding has been corroborated by the presence of five pairs of ducts and five pairs of spines. These glands are anatomically divisible into two groups: (1) An anterior group composed of one pair of cells on either side. These are large glands with bulbous posterior extremity and tapering anteriorly to fine ducts. They are situated just in front of the ventral sucker. Their protoplasm is very granular. The granules are large, and this gives the glands an appearance which differs from that of the posterior group. Probably their function also differs. The granular appearance can be seen throughout the length of their ducts. In stained sections these granules disappear, leaving a clear protoplasm. Apparently they are soluble in the reagents used in the process. The nucleus is large, vesicular, and situated in the bulbous portion; there is a large nucleolus. (2) The posterior group of peri-acetabular glands consists of tihree pairs. They are much smaller glands, situated principally posterior to the ventral sucker. The two anterior glands are situated side by side, and the third posterior to both. Their protoplasm is finely granular. The nuclei are vesicular with large nucleoli.
The ducts from both groups of glands combine to form one bundle. They are compressed to the middle line near the centre of the body by the large cellular structure of the nervous system. The ducts in that situation are practically in contact with the ventral surface. Anterior to this both sets of ducts diverge from the middle line, and they penetrate the corresponding side of the muscle of the oral sucker. They are very much constricted in that situation. In the oral sucker they approach the middle line again, but not to the same extent. They then diverge to open a little distance from each other on either lip of the oral sucker. The two ducts of the anterior group of glands are. always situate to the inner side. The five papille surmounting the openings are arranged in a semicircular fashion facing that of the opposite side. The ducts of the oral glands open into the concavity.
Faust states that these papillwa are perforated. I fail to detect any opening in these fine papillee. Upon direct inspection of the mouth the circular openings of the ducts can be definitely seen. Each papilla is a prolonged outer lip of the corresponding duct. Iturbe records the presence of three or four papillam on either side; Faust, that of six papillm on either side. Manson-Bahr and Fairley record sixteen papillae, having no connexion with the gland ducts. The gland ducts are said to open into a hypothetical pharyngeal pouch. Lutz alludes to the presence of six or more papille.
The Oral Glands.-The presence of oral glands was first recorded by the Japanese observers. Cort describes one oral gland in Schistosomnum japonicurni larvae. No allusion was made as regards their presence in the other human schistosoma cercari-. Both in stained sections and in the living cercarice, a mass of nuclei occupy the space between the two sets of ducts in the oral sucker. Distinct outline of separate glands cannot be made out. There are, however, four large nuclei near the posterior end of the sucker. There are also four openings of ducts, one pair on either side in the concavity of the duct papillae. For these reasons it is assumed that there are four oral glands.
Their duct openings are apparently unarmed with papillh.
The Nervous System.-There is a large mass of cells surrounding the cesophagus and pressing the gland ducts to the middle line. From its relation to the cesophagus this mass of cells is assumed to be the nervous system. The nuclei of the cells composing this mass only appear by means of staining or in sections. They stain violet when methyl green is used. The only other cells staining in the same manner are the genital cells.
The Genital Cells.-These are represented by a mass of cells lying posterior to the ventral sucker. It is not visible in the unstained cercariae. The nuclei are very small, stain deeply, and are crowded together. The number of nuclei exceeds twenty.
The Ground Tisste.-The organs described above are crowded together. The very small interstices are filled with ground tissue consisting of large cells with large feebly staining nuclei. These nuclei are situate at considerable distance from each other.
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The Tail.-The cuticle of the tail resembles that of the body as well as its spines and musculature. The cross-section of the tail is round. Its attachment to the body is very fragile, and it is easily detached. Its posterior is slightly narrower than its anterior end. The stem of the tail is longer than the body. The furci of the bifurcation are less than one-third the tail length. They can be moved in all directions, approximated or lying at right angles to the body. In the latter position their flattened surfaces lie anteriorly and posteriorly. In raounted specimens the furci lie flat on the surface of the slide, and thus are twisted. This gives'them the false appearance of being constricted at their junction with the stem of the tail. When the tail is separated from the body, its movements continue for a short time-not as long as in the case of Fasciola hepatica cercaria. The movements of the flame cells cease much sooner than the muscular contraction. FIG. 2. -Camera-lucida drawing of Schistosomum haematobiumI cercaria. (x 770 diameters.) A, spinous-openings of peri-acetabular glands ducts; B, duicts of anterior group of peri-acetabular glands, with granular contents; C, oral glands; D, constricted part in the peri-acetabular glands ducts; E, muscle of oral sucker ; F, nervouis system; G, cesophagus; I, intestinal coeca; K, anterior groiip of peri-acetabtular glands; L, ventral sucker; N, posterior group of peri-acetabular glands; P, cells of the genital system. Activity of the Cercaria.-In water the cercarime swim easily. The movement is accomplished by bending irregularly from side to side. The tail commonly precedes the body. The furci are most useful when the surface of the water is reached. They stretch at right angles to the body and tail, which hang vertically. The flat surfaces of the furci lie on the surface of the water, and in that position can support the cercaria indefinitely. When the surface of the water is disturbed the cercaria becomes active at once. It could not be discovered that it travels to the seat of disturbance, but further observation regarding this point is necessary. A fact worth mentioning is that cercarie in a tube at rest, although floating on the top, do not come out with the first portion of water poured. Most of them are procured in the last portion. This is apparently due to the cercariie travelling rapidly to the bottom of the vessel when there is an attempt to pour out the water.
During flotation the action of the body, and especially of the suckers, is not much in evidence. This is quite the opposite when a solid surface is near by. The cercaria fixes itself by the ventral sucker quite efficiently. It elongates its body to nearly double its normal length, exploring the surrounding surface in different directions. The tail is in constant movement sideways. The cercaria can then fix its oral sucker to the surface while releasing its ventral sucker, contracting its body, and thus advancing appreciably. Although comparatively bigger the oral sucker is much weaker as regards the power to fix itself. Its mechanism is also different. The lips of the oral sucker can be retracted or extended to a very great extent. The openings of the ducts can be retracted to practically the centre of the sucker. During extension the openings of the ducts become the most anterior structure of the body. This action is produced by the contraction of the circular muscle pushing the contents of the sucker forwards. At the same time this results in compressing the ducts, and thus emptying their secretion, which streams out in small globules which flow together, forming large spherical globules. This modification of the oral sucker, although not efficient as a prehensile organ, is probably better suited for penetrating the definitive host.
I am indebted to Professor R. T. Leiper for the material examined and for several suggestions during its study. I have to thank Miss Le Bas, of University College, for bringing the snails alive from Egypt.
